Objective: To describe the associations between coffee consumption and glucose tolerance among elderly subjects. Design: A survey among an unselected non-institutionalized elderly population. Diabetes was assessed on the basis of selfreports and 2-h oral glucose tolerance test for the subjects on diet treatment or with normal glucose tolerance (NGT). Coffee consumption was assessed by a questionnaire. Setting: Three municipalities in Northern Finland Subjects: All non-institutionalized subjects with baseline normal glucose tolerance or impaired glucose tolerance (IGT) aged 70 years or over. Main outcome measures: Incidence, persistence or impairment of abnormal glucose tolerance (AGT). Results: Forty-two percent of those with NGT and 0-5 cups of coffee daily developed AGT, whereas the corresponding figure was 25% for those who drank more than five cups coffee daily. Fifty-five percent of the subjects with IGT or NGT who drank 0-5 cups coffee daily either persisted in IGT or developed AGT. The corresponding figure was 30% for those drinking more than five cups coffee daily. After adjustment for age, body mass index, cardiovascular disease, smoking, alcohol consumption and physical exercise, among those with NGT, the odds ratio (OR) for developing AGT was 2.3 for those drinking 0-5 cups compared to those drinking more than five cups of coffee daily (95% confidence interval (CI) 0.7-7.2). Correspondingly, low coffee consumption was the most powerful predictor associated with the persistence of IGT or the development of AGT (OR 2.9; 95% CI 1.2-6.9). Conclusions: Low coffee consumption predicts impairment of AGT or persistence of IGT among elderly subjects.
Background
According to previous studies, the risk factors for diabetes mellitus (DM) consist of dietary, lifestyle and genetic factors, which are mainly similar in all age groups, although their predictive value may vary at different ages (Ohlson et al., 1988; Feskens, 1992; Hu et al., 2001) . Recent studies have shown a high level of coffee consumption to be associated with or to predict a decreased incidence of impaired glucose tolerance (IGT) and type II DM among middle-aged and early old-aged populations (Van Dam and Feskens, 2002; Agardh et al., 2004; Salazar-Martinez et al., 2004; Tuomilehto et al., 2004) . There are no similar studies focusing exclusively on people who are already elderly at the beginning of the follow-up.
The aim of the present study was first to analyze the incidence of abnormal glucose tolerance (AGT) from normal glucose tolerance (NGT) to IGT or DM in respect to coffee consumption and second, to analyze as a whole the persistence of IGT or progression from NGT to IGT or DM from baseline NGT in respect to coffee consumption among subjects aged 70 years or over.
Materials and methods
The study population consisted of community-dwelling persons born in 1920 or earlier and resident on 1 September 1991 in three small municipalities (Kempele, Oulunsalo, Hailuoto) in northern Finland. These elderly subjects participated in a follow-up study, in which glucose tolerance and associated factors were determined both at baseline in 1991 -1992 and in follow-up examinations in 1994 -1995 (Hiltunen et al., 1994 , 1999 .
At both examinations, the participants filled in a questionnaire including questions on their possible previously diagnosed DM and underwent an oral glucose tolerance test (OGTT), which was performed and classified according to the 2-h values of the 1999 WHO criteria (Alberti and Zimmett, 1998) . At baseline, the examinations also included questions and measurements of risk factors for DM and AGT.
The subjects with baseline (1991-1992) DM were naturally not included in this study.
At baseline in 1991-1992, there were 65 men and 87 women subjects with NGT and 45 men and 84 women subjects with IGT leaving 250 subjects eligible for the followup study on the persistence of IGT or the development of AGT. These figures have previously been presented in detail (Hiltunen et al., 1994) .
At both examinations, a person was classified as having NGT with 2-h OGTT values o7.8 mmol/l and not on oral drug or insulin treatment and IGT was diagnosed based on a 2-h value of 7.8-11.0 mmol/l. A person was classified as having previously undiagnosed DM if the 2-h OGTT was Z11.1 mmol/l. The performance of the OGTT has been previously presented in detail (Hiltunen et al., 1994) .
The baseline physical examination comprised measurements of body height and weight. Height and weight were measured in light indoor clothing without shoes. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m 2 ). Cardiovascular disease (CVD) was considered to be present if the participant had either medication for coronary heart disease and/or signs of previous stroke. The frequency and strenuousness of physical exercise were measured by a question with seven alternative replies, which were dichotomized in the analyses into two categories as follows: 1 ¼ 'inactive' ('no exercise' or 'no more exercise than going shopping or other light activity once or twice a week); 2 ¼ 'active' ('walking or corresponding exercise many times a week' to 'sporting many times a week causing much sweating and breathlessness during the exercise'). Smoking was assessed by one question: 1 ¼ no, 2 ¼ yes. Alcohol consumption was assessed by one question with five alternative replies (1 ¼ not at all, 2 ¼ less than once a month, 3 ¼ 1-2 times a month, 4 ¼ at least once a week, 5 ¼ daily). The alternatives 1 and 2 and 3-5 were combined in the analyses. The education was inquired with a question including three alternatives: less than basic education, basic education and more than basic education. In the analyses, education was dichotomized into two categories (less than basic vs basic or more than basic education) owing to small numbers of subjects having more than basic education. Current coffee consumption was measured once at baseline with one question as follows: How many cups of coffee do you drink daily? At this age group and at the time of the data gathering it was very common to use only cups of 1, 5 dl in Finland, which is why the cup size was not asked. Also, it was common among elderly people to use mostly boiled coffee, which is why questions on the type of coffee were either not included in the questionnaire. The participants' use of milk in coffee was not asked in this connection. In the logistic regression analyses, coffee consumption was divided into two categories: 1 ¼ 0-5 cups daily ( ¼ low or moderate) and 2 ¼ 6 cups or more daily ( ¼ high).
Statistical methods
The analyses were performed separately for the subjects who either progressed from NGT to IGT or DM and for those who persisted in IGT or developed IGT or DM during the followup, which means that the subgroups analyzed partially overlap. The results on the binary or categorical variables are presented as cross-tabulations and percentages. To assess the independent predictive effect of some selected variables (age, gender, coffee consumption, use of alcohol, physical activity, basic education and CVD) on the persistence of AGT or the development of AGT, a fixed multiple logistic regression analyses was performed, using dichotomized glucose tolerance status as the binary outcome variable and the aforementioned factors as the regressor variables. Another model was also fitted by including basic education as one of the regressor variable (data not shown). SPSS for Windows was used for the analyses.
Results
Formation of the final follow-up population and baseline characteristics of the population Two persons (one man, one woman) had been diagnosed DM during the follow-up before 1994 examinations and were naturally included in the study. Thirty-one subjects with baseline IGT or NGT had died between the two examinations, and 68 subjects either refused to take part in the follow-up examinations or had moved. Finally, there remained 113 (46 men and 67 women) subjects for the analyses of progression from NGT to AGT and 190 (73 men and 117 women) subjects who were included in the analyses for the persistence of IGT or the development of IGT or DM.
At baseline, the mean age for the men was 75 years (median 74 years, range 70-90 years), and that for the women 75 years (median 74 years, range 70-88 years). The mean BMI for the men was 26.9 kg/m 2 (range 17, 3-37, 5 kg/ ). Sixty percent of the subjects had CVD, 40% were physically inactive or almost inactive, and 60% used alcohol less than once a month. Only 6% of the subjects were current smokers.
Of those with baseline NGT, 40% (15 men and 30 women) had AGT in the 1994-1995 OGTTs. Of these, 4% (n ¼ 2) of the men and 3% (n ¼ 3) of the women had DM, and 28% (n ¼ 13) of the men and 41% (n ¼ 28) of the women had IGT.
Fifty-one percent (35 men and 62 women) of the subjects with baseline IGT or NGT had AGT in the 1994-1995 OGTTs. Seven percent (five men and eight women) of them were diagnosed as having new DM in the 1994 OGTTs, whereas 43% (29 men and 53 women) were diagnosed as having IGT and 49% (38 men and 55 women) as having NGT.
Coffee consumption
The median amount of coffee ingested daily according to the 1991-1992 questionnaire information was four cups, and it varied from 0 to 10 cups per day among the total study population. These figures were similar for those with NGT and those with AGT in 1994-1995.
Subjects who progressed from NGT to IGT or DM Eighteen percent (n ¼ 20) of these subjects ingested more than five cups of coffee per day. Forty-two percent (n ¼ 39) of those drinking 0-5 cups of coffee daily developed AGT, whereas the corresponding figure was 25% (n ¼ 5) for those drinking more than five cups of coffee daily (P ¼ 0.14). Adjusted for age, BMI, CVD, alcohol consumption and physical exercise, high coffee consumption was inversely associated with the development of AGT in the multiple logistic regression analyses. The odds ratio (OR) for developing AGT was 2.3 for those drinking 0-5 cups of coffee daily compared to those drinking more than five cups daily, but owing to the small number of subjects, the 95% confidence interval (CI) was very wide (0.7-7.2) ( Table 1) . None of the other, previously well known risk factors for developing AGT did either reach statistical significance owing to small numbers of subjects.
Subjects who persisted in IGT or progressed to IGT or DM Sixteen percent (n ¼ 30) of these subjects ingested more than five cups coffee per day. Fifty-five percent (n ¼ 86) of those drinking 0-5 cups of coffee daily persisted in IGT or developed AGT, whereas the corresponding figure was 30% (n ¼ 9) for those drinking more than five cups of coffee daily (P ¼ 0.012). Adjusted for age, BMI, CVD, smoking, alcohol consumption and physical exercise, high coffee consumption was inversely associated with the persistence of IGT or the development of AGT in the multiple logistic regression analyses. Coffee consumption less or equal to five cups daily was the most powerful predictor of the persistence or deterioration of IGT or the development of AGT after adjustment for the other risk factors (OR 2.9; 95% CI 1.2-6.9) ( Table 2 ). The second most powerful predictor of AGT Table 1 Predictive factors (OR and 95% CI) associated with progression from NGT to IGT or diabetes in an elderly population according to gender Abbreviations: BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; IGT, impaired glucose tolerance; NGT, normal glucose tolerance; OR, odds ratio. Table 2 Predictive factors (OR and 95% CI) associated with persistence AGT or IGT in an elderly population according to gender Abbreviations: BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; IGT, impaired glucose tolerance; AGT, abnormal glucose tolerance; OR, odds ratio.
was BMI with an OR of 1.5 (95% CI 1.0-2.2). When a model including basic education was fitted, coffee consumption still remained independently associated with glucose tolerance (GT) (data not shown).
Discussion
The present study revealed an inverse association between high coffee consumption and the persistence of IGT or the impairment of AGT among elderly community-dwelling subjects. The main limitation of the interpretation of the results is the small number of subjects, especially in the analyses including only those who had NGT in the baseline OGTTs in 1991-1992. Still, the results obtained in both analyses showed a similar trend, and they were also parallel to those of some recent studies with larger populations of middle-aged subjects (Van Dam and Feskens, 2002; Agardh et al., 2004; Salazar-Martinez et al., 2004; Tuomilehto et al., 2004) . There were no data available on the duration of coffee drinking in the present study, but in view of the fact that the subjects were already aged 70-92 years at baseline, by which age individual health behaviour habits have been quite firmly established for decades, it can be assumed that their coffee consumption had also been long term and constant for many years. In addition, especially in Finland, coffee has been a very widely used beverage among all age groups for tens of decades. The follow-up period between the two OGTT examinations was clearly shorter in the present study than in some of the recent studies (Salazar-Martinez et al., 2004; Tuomilehto et al., 2004) , which was due to practical reasons, particularly the high age of the participants already at baseline The possibility of memory bias is very small as to the immediate months and years before the examination, but may be bigger for earlier years and decades. Thus, although there are some limitations in the present study, it offers, instead of mere cross-sectional associations (Agardh et al., 2004) , also a possibility for risk factor evaluation among the oldest old age groups, who have usually not been included in the recent large studies on this topic (Van Dam and Feskens, 2002; Agardh et al., 2004) . In addition to the Dutch study in 2002 (Van Dam and Feskens, 2002) , both the recent large Swedish cross-sectional population-based study among 7949 subjects aged 35-56 years and the prospective Nurses' Health Study and Health Professionals' Health Study as well as the Finnish study by Tuomilehto et al. (2004) showed associations between low coffee consumption and AGT (Agardh et al., 2004; Salazar-Martinez et al., 2004) . After adjustment for age, BMI and other risk factors, there was an independent association between high coffee consumption and AGT in all of the above-mentioned large studies. In line with these studies including mainly middle-aged and also some older subjects and after adjustment for several other known risk factors, the present study yielded parallel results among elderly northern Finnish subjects. Still, the present results should be interpreted with some caution because of the small numbers of participants. Socioeconomic factors and the associated inequality could be assumed to offer an explanation for the differences in coffee consumption across socioeconomic classes. Although the model, which also included basic educational level, revealed that poor basic education predicted the deterioration of GT or development of AGT, coffee consumption was still independently associated with GT. Both the explanations for the associations between coffee consumption and AGT among elderly subjects and especially their clinical implications remain unsolved on the basis of the present data.
Conclusions
It seems that independent of age, sex, BMI, physical exercise, consumption of alcohol and CVD, low to moderate coffee consumption predicts the impairment or persistence of AGT even among the oldest age groups, but the results are inconclusive in NGT. It remains still to be further investigated with larger populations if increased coffee consumption is associated with GT impairment among elderly subjects.
